Editor's Introduction

In this article, David Fogel discusses the relationship between evolutionary computation and evolutionary game theory. The mathematics of evolutionary game theory relies on assumptions that often fail to describe the real-world conditions that the theory is intended to model. This article highlights those assumptions and suggests evolutionary computation may ultimately serve as a more useful approach to understanding complex adaptive systems in nature.
Editor
About the same time as evolutionary computation was being applied to games, such as the prisoner's dilemma and two--player combat [15, 16] , the idea of using mathematical game theory to better understand evolution in nature was also emerging [17] . The idea was, and still remains, to view animal behaviors in terms of tactical actions that generate certain rewards or penalties, described also as "payoffs." If these payoffs can be well modeled, it may be possible to apply the theory of games and rational behavior to anticipate the likelihood of observing different behaviors in varying environments.
One common approach in evolutionary game theory relies on what is known as "evolutionary stable strategies." The idea is that animal behaviors are modeled as alternative plays in a game. For example, in a "hawk--dove" game, hawks are aggressive and fight for resources, while doves are passive and do not fight. Payoffs can be described on average for each possible type of encounter between birds in this game. When a hawk meets a dove, the dove declines to engage the hawk and thus the hawk gets the resource and the dove gets nothing. When two hawks meet, they fight until one is injured and the other gets the resource. Finally, when two doves meet, each stands around passively until one tires and the other gets the resource. Common values ascribed in the game are +50 for the resource, --100 for being injured, and --10 for wasting time.
The concept of evolutionary stability suggests that the likely outcome of these hawks and doves will place their relative payoffs in equilibrium. Otherwise, so the theory goes, if there are too many hawks then the hawks will be more likely to get injured fighting other hawks, and if there are too many doves, then more hawks can easily take advantage of them. Thus, the balancing equation for hawks (H) and doves (D) is:
where E(A,B) is the expected payoff to A given an encounter with B, and P(H) is the fraction of hawks in the population of birds. E(H,H) = --25, E(H,D) = +50, E(D,D) = +15, and E(D,H) = 0. Here, the value of P(H) that balances the equation is 7/12, meaning that the payoffs to hawks and doves on average are the same if hawks and doves are in the ratio 7:5.
The notion of stability at an equilibrium point is central to game theory. It has been exapted (that is, used for a function other than for which it was developed originally) as being central in evolutionary game theory as well, so much so that some have offered that everything in animal behavior must be an evolutionary stable strategy of some sort, otherwise it would not be present for us to observe [18] . Unfortunately, the congruence between evolutionary game theory's prediction and real--world condition has been mixed at best, often lacking but mostly missing. Compared to the very few attempts to validate evolutionary game theory in the real world, the attempts to extend the theory in increasingly abstract constructs has been voluminous.
It's possible to use evolutionary computation to explore the ability to use evolutionary game theory to make predictions about the dynamics of complex adaptive systems. Interestingly, even in simple games such as the hawk--dove game described above, simulations of evolution in these game dynamics do not correspond well with the expectations of evolutionary game theory, particularly when the population size is on the order of that found in many real conditions (i.e., 50 to 500 individuals). Examples include Fogel and Fogel [19, 20, 21] and Ficici [22] . Rather than settle at equilibria, the population of hawks and doves can cascade around apparent limit cycles or act in other ways associated with chaotic systems. Evolutionary stability appears absent in these results.
Evolutionary game theory relies on assumptions of infinite populations and zero mutation between parents and offspring. Neither of these occurs in real settings. Some have tried to relax the assumption about infinite populations by applying correcting factors [23] , but still utilize the expected payoff structure provided earlier. That is, say for the case of the hawk--dove game, when two hawks meet, each receives --25 points, which is the average of +50 for the victor and --100 for the vanquished. This is entirely inappropriate for understanding the dynamics of systems that involve culling losers (i.e., those that involve "natural selection"). When two hawks meet, one wins and the other loses; even a cursory examination of the physical condition of losers in contests such as these reveals that winners fare much better than losers. By averaging out these very real effects, evolutionary game theory leads inexorably to answers that are "right on the average" but wrong just about everywhere else.
Evolutionary computation offers the promise of being able to simulate real--world evolutionary dynamics with sufficient fidelity to make testable predictions about animal behaviors. To date, such efforts are just in their infancy. It will be interesting to determine if evolutionary computation can provide more accurate predictions than evolutionary game theory, and help codify what elements of given evolutionary models are truly most relevant. This may help us to better understand the individual organisms in ecosystems of concern, and help us to maintain their viability in the long run.
